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Abstract: The aim of this study was to explore the association between three previously identified
dietary patterns (Western, Prudent, and Mediterranean) and colorectal cancer (CRC) risk by sex and
cancer subtype. The Spanish cohort of the European Prospective Investigation into Cancer and Nutri-
tion study provided dietary and epidemiological information from 15,629 men and 25,808 women
recruited between 1992 and 1996. Among them, 568 CRC cases and 3289 deaths were identified during
a median follow-up of 16.98 years. The associations between adherence to the three dietary patterns
and CRC risk (overall, by sex, and by tumour location: proximal and distal colon and rectum) were
investigated by fitting multivariate Cox proportional hazards regression models stratified by study
centre and age. Possible heterogeneity of the effects by sex and follow-up time (1–10 vs. ≥10 years)
was also explored. While no clear effect of the Prudent dietary pattern on CRC risk was found, a
suggestive detrimental effect of the Western dietary pattern was observed, especially during the first
10 years of follow-up (HR1SD-increase (95% CI): 1.17 (0.99–1.37)), among females (HR1SD-increase (95%
CI): 1.31 (1.06–1.61)), and for rectal cancer (HR1SD-increase (95% CI): 1.38 (1.03–1.84)). In addition, high
adherence to the Mediterranean pattern seemed to protect against CRC, especially when restricting
the analyses to the first 10 years of follow-up (HR1SD-increase (95% CI): 0.84 (0.73–0.98)), among males
(HR1SD-increase (95% CI): 0.80 (0.65–0.98)), and specifically against distal colon cancer (HR1SD-increase

(95% CI): 0.81 (0.63–1.03)). In conclusion, low adherence to the Western diet and high adherence to
the Mediterranean dietary pattern could prevent CRC, especially distal colon and rectal cancer.
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1. Introduction

The latest global cancer statistics indicate that in 2020 colorectal cancer (CRC) was the
third-most frequently diagnosed tumour and the second cause of cancer deaths globally [1].
This tumour has been associated with physical inactivity, obesity, high intake of red and
processed meat and alcohol, low intake of fibre, and smoking, among other less relevant
factors [2]. According to the latest Word Cancer Research Fund and American Institute
for Cancer Research (WCRF/AICR) report on diet, nutrition, physical activity, and CRC
from 2018, there is strong evidence for a protective effect of whole grains, dietary fibre,
dairy products, and calcium intake and a detrimental effect of processed and red meat
and alcohol consumption on CRC incidence, while the data for other foods, nutrients, and
dietary patterns is still considered insufficient to draw firm conclusions [3].

One possible explanation for this lack of conclusive evidence may be that most studies
focus on exploring the effect of individual foods and nutrients on the risk of CRC [2,4],
even though foods and nutrients are not consumed individually. Dietary patterns take into
account the interactions between individual dietary factors [5], and their use overcomes
the limitations of studying individual foods or nutrients. Two main types of diet quality
indices are used to investigate the association between dietary patterns and risk of disease:
“a priori” (investigation driven) and “a posteriori” (data driven) dietary patterns. The
latter have the advantage of being extracted with statistical methods using the dietary
information of the sample under study, which ensures their independence from the disease
and their representativeness of the diet of the individuals in the study.

Multiple studies have explored the association between “a posteriori” dietary patterns
and CRC risk [6–26]. All of them agree in the identification of a healthy-type dietary
pattern, usually labelled as Mediterranean/Healthy/Prudent, which, in most cases, ap-
pears as protective against total CRC [10,13–15,17–22,24–26] and/or specifically against
colon [6,8,10,12–14,21,22,26] or rectal cancer [10,13,18,19,21,22,26]. They also identify a
Western-type dietary pattern, frequently associated with an increased risk of total colorec-
tal [11,13–15,17,19–23,25,26], colon [6,8–10,13,14,16,19,21,22,26], and/or rectal [13,14,16,18,
19,21,22,26] cancer.

In a previous study conducted in Spain, three dietary patterns (Western, Prudent,
and Mediterranean) showed some associations with breast cancer risk [27]. After testing
the applicability [28] of these patterns in different settings, they were applied in another
case–control study that showed associations with other tumours in both males and fe-
males [27,29–31], including CRC [26].

The aim of the current study was to apply these three dietary patterns [27] to data
from the European Prospective Investigation into Cancer and Nutrition Spanish cohort
(EPIC-Spain) to validate the previous findings [26] and explore the association of the dietary
patterns with CRC by sex and tumour location.

2. Materials and Methods
2.1. Study Population

The European Prospective Investigation into Cancer and Nutrition (EPIC) is a mul-
ticentre cohort study designed to investigate the relationship between lifestyle, diet, en-
vironmental factors, and cancer [32–34]. For the present work, data from the Spanish
cohort (EPIC-Spain) were selected. The EPIC-Spain cohort recruited, between 1992 and
1996, 41,437 healthy adults (25,808 women and 15,629 men) aged 29–69 from the general
population in five northern (Asturias, Gipuzkoa, and Navarra) and southern (Murcia and
Granada) Spanish provinces, including the Mediterranean shore. Further details about the
EPIC cohort can be found elsewhere [32–34].
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Data on the sociodemographic characteristics, physical activity, smoking, alcohol
consumption, and medical history of previous illnesses were collected in a personal in-
terview. At the same appointment, anthropometric measurements (height, weight, and
waist circumference) were taken by trained personnel using standardised procedures. The
usual diet throughout the year before recruitment, accounting for seasonal variations, was
obtained with a computerised dietary history questionnaire previously validated in Spain
and administered by trained interviewers [35,36].

The ethical review boards from the International Agency for Research on Cancer
(IARC) (Lyon, France) and the Medical Ethics Committee of Bellvitge Hospital (L’Hospitalet
de Llobregat, Spain) approved the study, and all the participants gave their written in-
formed consent.

2.2. Cases Ascertainment and Follow-Up Period

Cases were defined as first occurrence of a primary malignant tumour of the colon (C18
of the ICD-10) or rectum (C19–C20). Tumours originating in the proximal area of the splenic
flexure (cecum, ascending colon, and transverse colon) were categorised as proximal colon
cancers (C18.0–C18.5), those originating in the descending (C18.6) or sigmoid colon (C18.7)
were classified as distal colon cancers, and those located at the recto sigmoid junction
(C19) or rectum (C20) were grouped as rectal cancers. Tumours with overlapping lesion of
colon (C18.8) or those with non-specified locations (C18.9) were excluded from the analyses
by subtype. Cancer cases were identified by linking the data from the population-based
cancer registries of the five mentioned regions with the EPIC-Spain information. Dates
and causes of death were extracted from the population-based mortality registry of the
National Institute of Statistics.

The first-year follow-up was excluded from the analyses to avoid reverse causation
due to silent tumours not diagnosed at the time of recruitment that might have affected
the diets of participants during the months prior to the interview. Therefore, the follow-
up period was defined as the time from one year after the date of recruitment to the
CRC diagnosis, diagnosis of other tumours, and death or last completed follow-up date,
depending on which occurred first. The censoring dates for the last complete follow-up
were 31 December 2010 for Asturias, 31 December 2011 for Navarra, 31 December 2012 for
Granada, 30 December 2013 for Gipuzkoa, and 31 December 2013 for Murcia.

2.3. Adherence to Dietary Patterns

Three previously identified dietary patters [27] were analysed: (a) the Western dietary
pattern, characterised by high intakes of high-fat dairy products, processed meat, refined
grains, sweets, caloric drinks, convenience food and sauces, and low intakes of low-fat
dairy products and whole grains; (b) the Prudent dietary pattern, which represents high
intakes of low-fat dairy products, vegetables, fruits, whole grains and juices; and (c) the
Mediterranean dietary pattern, which consists of high intakes of fish, vegetables, legumes,
boiled potatoes, fruits, olives, and vegetable oil and a low intake of juices.

These patterns were originally identified in the sample of controls of the EpiGEICAM
case–control study [27] by applying the principal components analysis (PCA) on 26 food
groups. This method provides a set of weights (pattern loadings) associated with each food
group that represents a correlation between the food intake and pattern scores and can be
used to reproduce such patterns in other samples, as explained in detail elsewhere [28].
Briefly, the food intake information collected with the EPIC-Spain dietary history ques-
tionnaire (excluding noncaloric and alcoholic beverages) was classified into these 26 food
groups. Since the food supply in 1992 (EPIC) was somewhat different from the food supply
in 2006 (EpiGEICAM), the methodology for grouping some foods such as dairy and fish
was different in these two studies. To obtain comparable food groups, a set of weights
was defined to distribute these food groups using the data from the 1998 food consump-
tion panel elaborated by the Spanish Ministry of Agriculture, Food and Environment
(MAPAMA) [37]. The distribution of the intake of these food groups among cancer and
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noncancer cases observed in the multi-case–control study of cancer MCC-Spain [38] was
also taken into account (Table S1).

Finally, adherence scores for the Western, Prudent, and Mediterranean dietary patterns
were calculated as a linear combination of the pattern loadings for each food group and
patterns obtained in the EpiGEICAM study [27] and the food group consumption reported
by the participants of the EPIC-Spain study. The adherence to these three dietary patterns
was modelled as a categorical variable (quartiles of the distribution for the whole EPIC
sample) and as a continuous variable (original score and one standard deviation increment
in the score).

2.4. Statistical Analyses

The distribution of quantitative variables according to the quartiles of adherence to the
Western, Prudent, and Mediterranean dietary patterns was described with the median and
interquartile range (IQR), and the significance of the differences were assessed with Kruskal–
Wallis tests. For the qualitative variables, a number of cases and percentages were used for
the description and chi-squared tests (ignoring missing values) for hypothesis testing.

Crude and adjusted associations between CRC incidence and the adherence to the
Western, Prudent, and Mediterranean dietary patterns were assessed by fitting Multivariate
Cox proportional hazards regression models stratified by centre and age (5-year groups)
and adjusted for sex, BMI, physical activity, lifetime alcohol intake, smoking habit, total
energy intake (including all foods and beverages), education, and family history of CRC. In
the case of the Western dietary pattern, the models were also adjusted for adherence to the
Prudent and Mediterranean dietary patterns. In the case of the Prudent and Mediterranean
dietary patterns, the models were also adjusted for adherence to the Western dietary pattern.
A possible heterogeneity of the effects by sex was explored by including in the models an
interaction between sex and adherence in each of the three patterns (three different models
with one interaction in each one). Analogous analyses were performed considering the
tumour location (proximal colon, distal colon, and rectum). Finally, nonlinear associations
were modelled through restricted cubic splines with knots at the 5th, 35th, 65th, and 95th
percentiles, as recommended by Harrell [39].

Compliance with the proportional hazards assumption was checked visually with
graphs of the adjusted Kaplan–Meier failure estimates for CRC by quartiles of adherence
to each pattern (Figures 1, S1 and S2) and numerically by testing the nonzero slope in a
generalised linear regression of the scaled Schoenfeld residuals on time. The violation of
the assumption of proportional hazards for the age estimates in most of these models was
fixed by stratifying the models by age. In addition, the proportional hazards assumption
was violated for some sex estimates in the analyses by tumour location, which was also
resolved by stratifying them by sex.

A sensitivity analysis was performed by obtaining the HR for the five and ten first
years of follow-up to explore possible dilution of the effects over the years caused by the
loss of representativeness of the dietary information collected at recruitment. Risks were
obtained by splitting the database into two follow-up periods (1–5 vs. >5 years and 1–10
vs. >10 years) and the estimates were obtained by including in the models an interaction
term between the periods and the level of adherence to the three dietary patterns explored.
Since the results obtained for both analyses were similar, we show the estimations for the
second classification (≤1–10 vs. >10 years follow-up).

All analyses were performed using Stata/MP version 16 (Statacorp, College Station,
TX, USA), and a fixed 95% confidence level was stablished for all analyses except for the
interaction analyses for which a 90% confidence level was set.
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Figure 1. Adjusted a cumulative incidence of colorectal cancer by quartiles of adherence to the
Western, Prudent, and Mediterranean dietary patterns. a Adjusted for lifetime alcohol intake, smoking
habit, energy intake, BMI, physical activity, education, sex, family history of colorectal cancer, age at
recruitment, and centre. For the Western dietary pattern, also adjusted for adherence to the Prudent
and Mediterranean dietary patterns. For the Prudent and Mediterranean dietary patterns, also
adjusted for adherence to the Western dietary pattern.

3. Results

After excluding 351 participants (342 non-cases and 9 cases) due to implausible energy
intakes below 750 or above 4500 kcals per day, 6 (all non-cases) with a BMI over 60 and
the first year of follow-up (165 non-cases and 17 cases), the final sample size included
40,898 individuals (15,368 males and 25,530 females). Among them, 568 CRC cases and
3289 deaths were identified during a median follow-up of 16.98 years (10.54 years for cases
and 11.13 years for deaths).

Participants in the upper quartiles of adherence to the Western dietary pattern showed
a markedly higher alcohol and energy intake, slightly lower physical activity and education
level, and smoked more. In the lower quartiles of adherence to this pattern, more females
and younger participants with lower BMIs were found. As for the Prudent dietary pattern,
the highest alcohol intake was observed for the second quartile of adherence and the lowest
for the first. The energy intake increased and age and BMI slightly decreased with increasing
the adherence to this pattern. Although statistically significant, no major differences were
found by sex and family history of CRC, and participants with a higher adherence to the
Prudent pattern appeared to be slightly more inactive, more educated, and smoked less.
Finally, participants with a higher adherence to the Mediterranean dietary pattern showed
a significantly higher alcohol and energy intake, were younger, and presented slightly
lower BMI. The percentage of females was higher in the lower categories of adherence to
this pattern, and higher adherence was associated with lower physical activity, smoking
habit, and higher educational level (Table 1).

The results for the full sample and follow-up period (Figures 1 and 2 and Table 2)
revealed a positive trend in the association between the Western dietary pattern and
CRC risk that gained strength when the analyses were restricted to the first 10 years of
follow-up, with a 53% increase in CRC risk for participants in the highest quartile of
adherence (HRQ4vs.Q1 (95% CI): 1.53 (0.99–2.36)) and a non-negligible positive trend that,
despite not being totally linear (Figure 2), seemed to be fairly steady (HR1SD-increase (95%
CI): 1.17 (0.99–1.37); p for trend = 0.087; p-value for the curvature of splines = 0.173). A
suggestive protective effect, very similar for the second to fourth quartiles and with a
marked linear component (p-value for the curvature of splines = 0.906), was also observed
for the Mediterranean dietary pattern (HR1SD-increase (95% CI): 0.91 (0.82–1.01)), especially
when the last years of follow-up were excluded (HR1SD-increase (95% CI): 0.84 (0.73–0.98)).
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Table 1. Baseline characteristics of the participants of the colorectal cancer sample of the EPIC-Spain
study by quartiles of adherence to the Western, Prudent, and Mediterranean dietary patterns.

Western Prudent Mediterranean

Q1 Q2 Q3 Q4 p a Q1 Q2 Q3 Q4 p a Q1 Q2 Q3 Q4 p a

n =
10,187

n =
10,267

n =
10,301

n =
10,143

n =
10,183

n =
10,226

n =
10,272

n =
10,217

n =
10,161

n =
10,305

n =
10,283

n =
10,149

Alcohol (gr/day) median

(IQR) b

1.60
(0.00;
11.04)

4.75
(0.01;
22.22)

7.36
(0.36;
29.50)

10.28
(1.43;
34.22)

<0.001
3.84
(0.00;
23.77)

6.29
(0.04;
28.46)

5.46
(0.10;
23.22)

5.70
(0.59;
20.90)

<0.001
1.34
(0.00;
10.94)

3.59
(0.00;
17.09)

6.44
(0.49;
25.89)

14.97
(2.63;
40.52)

<0.001

Energy (Kcal/day) mean (sd)
1625
(1335;
1988)

1928
(1584;
2335)

2124
(1784;
2536)

2541
(2129;
3027)

<0.001
1830
(1478;
2264)

2092
(1669;
2574)

2067
(1657;
2572)

2185
(1783;
2672)

<0.001
1587

(1297;
1952)

1875
(1579;
2255)

2122
(1797;
2526)

2600
(2222;
3054)

<0.001

BMI (kg/m2) mean (sd)
28.23
(25.61;
31.33)

27.94
(25.46;
30.85)

27.71
(25.22;
30.41)

27.44
(24.98;
30.15)

<0.001
28.07

(25.46;
30.86)

27.90
(25.37;
30.78)

27.81
(25.30;
30.71)

27.49
(25.09;
30.33)

<0.001
28.07

(25.35;
31.24)

27.80
(25.19;
30.73)

27.67
(25.22;
30.51)

27.77
(25.48;
30.34)

<0.001

Age at recruitment (years)
median (IQR)

50.89
(44.44;
57.92)

49.28
(43.26;
56.33)

48.25
(42.55;
54.95)

46.31
(41.60;
52.48)

<0.001
48.91

(42.84;
56.69)

48.58
(42.91;
55.54)

48.72
(42.67;
55.58)

48.35
(42.66;
54.93)

<0.001
49.73
(42.97;
57.49)

48.70
(42.52;
55.98)

48.10
(42.54;
54.75)

48.32
(43.11;
54.38)

<0.001

Colorectal Cancer 0.140 0.229 0.107

No 10,067
(98.82%)

10,120
(98.57%)

10,141
(98.45%)

10,002
(98.61%)

10,021
(98.41%)

10,087
(98.64%)

10,141
(98.72%)

10,081
(98.67%)

10,019
(98.60%)

10,178
(98.77%)

10,148
(98.69%)

9985
(98.38%)

Yes 120
(1.18%)

147
(1.43%)

160
(1.55%)

141
(1.39%)

162
(1.59%)

139
(1.36%)

131
(1.28%)

136
(1.33%)

142
(1.40%)

127
(1.23%)

135
(1.31%)

164
(1.62%)

Subtype 0.535 0.842 0.216

Proximal 37
(0.36%)

36
(0.35%)

39
(0.38%)

37
(0.36%)

40
(0.39%)

38
(0.37%)

34
(0.33%)

37
(0.36%)

35
(0.34%)

39
(0.38%)

31
(0.30%)

44
(0.43%)

Distal 43
(0.42%)

54
(0.53%)

62
(0.60%)

46
(0.45%)

58
(0.57%)

49
(0.48%)

49
(0.48%)

49
(0.48%)

55
(0.54%)

44
(0.43%)

54
(0.53%)

52
(0.51%)

Rectum 37
(0.36%)

48
(0.47%)

51
(0.50%)

47
(0.46%)

54
(0.53%)

42
(0.41%)

44
(0.43%)

43
(0.42%)

40
(0.39%)

39
(0.38%)

46
(0.45%)

58
(0.57%)

Other colorectal tumours
with location non-specified 3 (0.03%) 9 (0.09%) 8 (0.08%) 11

(0.11%)
10

(0.10%)
10

(0.10%) 4 (0.04%) 7 (0.07%) 12
(0.12%) 5 (0.05%) 4

(0.04%)
10

(0.10%)

Sex n (%) <0.001 <0.001 <0.001

Male 2340
(22.97%)

3589
(34.96%)

4318
(41.92%)

5121
(50.49%)

3576
(35.12%)

4203
(41.10%)

3840
(37.38%)

3749
(36.69%)

2243
(22.07%)

3175
(30.81%)

4117
(40.04%)

5833
(57.47%)

Female 7847
(77.03%)

6678
(65.04%)

5983
(58.08%)

5022
(49.51%)

6607
(64.88%)

6023
(58.90%)

6432
(62.62%)

6468
(63.31%)

7918
(77.93%)

7130
(69.19%)

6166
(59.96%)

4316
(42.53%)

Physical Activity n (%) <0.001 <0.001 <0.001

Inactive 1048
(10.29%)

1378
(13.42%)

1417
(13.76%)

1561
(15.39%)

1175
(11.54%)

1345
(13.15%)

1383
(13.46%)

1501
(14.69%)

1116
(10.98%)

1260
(12.23%)

1364
(13.26%)

1664
(16.40%)

Moderately inactive 1785
(17.52%)

2117
(20.62%)

2185
(21.21%)

2434
(24.00%)

2064
(20.27%)

2208
(21.59%)

2107
(20.51%)

2142
(20.97%)

1911
(18.81%)

2010
(19.51%)

2108
(20.50%)

2492
(24.55%)

Moderately active 6406
(62.88%)

5902
(57.49%)

5810
(56.40%)

5303
(52.28%)

6117
(60.07%)

5863
(57.33%)

5863
(57.08%)

5578
(54.60%)

6310
(62.10%)

6162
(59.80%)

5871
(57.09%)

5078
(50.03%)

Active 948
(9.31%)

870
(8.47%)

889
(8.63%)

845
(8.33%)

827
(8.12%)

810
(7.92%)

919
(8.95%)

996
(9.75%)

824
(8.11%)

873
(8.47%)

940
(9.14%)

915
(9.02%)

Smoking n (%) <0.001 0.000 <0.001

Never Smoker 6609
(64.88%)

5855
(57.03%)

5485
(53.25%)

4764
(46.97%)

5703
(56.01%)

5619
(54.95%)

5707
(55.56%)

5684
(55.63%) <0.001 6290

(61.90%)
5970

(57.93%)
5587

(54.33%)
4866

(47.95%)

Former Smoker 1699
(16.68%)

1806
(17.59%)

1812
(17.59%)

1905
(18.78%)

1392
(13.67%)

1713
(16.75%)

1936
(18.85%)

2181
(21.35%)

1337
(13.16%)

1643
(15.94%)

1911
(18.58%)

2331
(22.97%)

Current Smoker 1873
(18.39%)

2601
(25.33%)

2998
(29.10%)

3469
(34.20%)

3083
(30.28%)

2888
(28.24%)

2624
(25.55%)

2346
(22.96%)

2530
(24.90%)

2688
(26.08%)

2776
(27.00%)

2947
(29.04%)

Unknown 6 (0.06%) 5 (0.05%) 6 (0.06%) 5
(0.05%) 5 (0.05%) 6 (0.06%) 5 (0.05%) 6 (0.06%) 4 (0.04%) 4 (0.04%) 9

(0.09%)
5

(0.05%)

Education n (%) <0.001 <0.001 <0.001

No formal Education 4028
(39.54%)

3613
(35.19%)

3404
(33.05%)

3026
(29.83%)

3985
(39.13%)

3528
(34.50%)

3446
(33.55%)

3112
(30.46%)

4060
(39.96%)

3714
(36.04%)

3339
(32.47%)

2958
(29.15%)

Primary School 3727
(36.59%)

3898
(37.97%)

4042
(39.24%)

4155
(40.96%)

4054
(39.81%)

4136
(40.45%)

3986
(38.80%)

3646
(35.69%)

3838
(37.77%)

3829
(37.16%)

4126
(40.12%)

4029
(39.70%)

Secondary/Technical School 1267
(12.44%)

1530
(14.90%)

1553
(15.08%)

1658
(16.35%)

1290
(12.67%)

1447
(14.15%)

1531
(14.90%)

1740
(17.03%)

1222
(12.03%)

1540
(14.94%)

1523
(14.81%)

1723
(16.98%)

University or more 1101
(10.81%)

1157
(11.27%)

1230
(11.94%)

1232
(12.15%)

780
(7.66%)

1037
(10.14%)

1234
(12.01%)

1669
(16.34%)

984
(9.68%)

1157
(11.23%)

1215
(11.82%)

1364
(13.44%)

Unknown 64
(0.63%)

69
(0.67%)

72
(0.70%)

72
(0.71%)

74
(0.73%)

78
(0.76%)

75
(0.73%)

50
(0.49%)

57
(0.56%)

65
(0.63%)

80
(0.78%)

75
(0.74%)

Previous history of CRC n
(%) 0.131 0.003 0.867

No 9460
(92.86%)

9584
(93.35%)

9641
(93.59%)

9500
(93.66%)

9580
(94.08%)

9559
(93.48%)

9550
(92.97%)

9496
(92.94%)

9504
(93.53%)

9619
(93.34%)

9611
(93.46%)

9451
(93.12%)

Mother/Father 565
(5.55%)

537
(5.23%)

528
(5.13%)

499
(4.92%)

458
(4.50%)

522
(5.10%)

564
(5.49%)

585
(5.73%)

514
(5.06%)

543
(5.27%)

521
(5.07%)

551
(5.43%)

Siblings 122
(1.20%)

111
(1.08%)

92
(0.89%)

97
(0.96%)

98
(0.96%)

109
(1.07%)

116
(1.13%)

99
(0.97%)

100
(0.98%)

104
(1.01%)

111
(1.08%)

107
(1.05%)

Unknown 40
(0.39%)

35
(0.34%)

40
(0.39%)

47
(0.46%)

47
(0.46%)

36
(0.35%)

42
(0.41%)

37
(0.36%)

43
(0.42%)

39
(0.38%)

40
(0.39%)

40
(0.39%)

a p-value calculated ignoring missing values. b Alcohol was missing for 252 (0.6%) healthy individuals and for 6
(0.01%) colorectal cancer cases.
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Table 2. Crude and adjusted hazard ratios for the association between colorectal cancer incidence
and adherence scores to the Western, Prudent, and Mediterranean dietary patterns for the full period
and for the follow-up period 1–10 years.

Full Follow-Up (>1 year)
n = 40,898

Full Follow-Up (>1 year)
n = 40,192

1–10 Years Follow-Up
n = 40,192

Person/
Years

Number
of

Events
HR a,b (95%CI) Person/

Years
Number

of
Events

HR a,c (95%CI) Person/
Years

Number
of

Events
HR a,d (95%CI)

LL UL LL UL LL UL

661,313 568 650,165 551 351,736 211

WESTERN

Quartiles

Q1 164,274 120 1 161,552 117 1 87,484 45 1

Q2 166,314 147 1.30 1.02 1.66 163,356 145 1.24 0.95 1.60 88,111 56 1.28 0.85 1.91

Q3 166,147 160 1.47 1.16 1.87 163,148 151 1.29 0.98 1.71 88,449 53 1.24 0.81 1.89

Q4 164,578 141 1.51 1.18 1.93 162,108 138 1.28 0.94 1.73 87,691 57 1.53 0.99 2.36

p-trend 0.001 0.143 0.087

1SD-increase 1.15 1.05 1.25 1.06 0.95 1.18 1.17 0.99 1.37

PRUDENT

Quartiles

Q1 160,590 162 1 15,7643 158 1 87,125 67 1

Q2 165,016 139 0.84 0.67 1.06 16,2226 132 0.80 0.63 1.01 88,070 40 0.58 0.39 0.86

Q3 167,603 131 0.79 0.62 1.00 16,4622 128 0.80 0.63 1.02 88,475 49 0.73 0.50 1.07

Q4 168,103 136 0.83 0.65 1.05 16,5675 133 0.87 0.67 1.13 88,066 55 0.85 0.57 1.25

p-trend 0.092 0.297 0.547

1SD-increase 0.92 0.85 1.01 0.94 0.85 1.04 0.94 0.81 1.09

MEDITERRANEAN

Quartiles

Q1 161,982 142 1 159,681 140 1 87,295 59 1

Q2 166,675 127 0.91 0.71 1.15 164,219 125 0.82 0.64 1.05 88,971 51 0.81 0.55 1.18

Q3 167,169 135 0.98 0.77 1.24 164,108 129 0.80 0.62 1.04 88,406 45 0.69 0.46 1.02

Q4 165,485 164 1.19 0.94 1.50 162,158 157 0.86 0.66 1.14 87,063 56 0.78 0.52 1.16

p-trend 0.107 0.315 0.165

1SD-increase 1.05 0.96 1.14 0.91 0.82 1.01 0.84 0.73 0.98

a Proportional hazards assumption was fulfilled in all cases. b HR of colorectal cancer stratified by centre and age
in 5-year periods. For the Western dietary pattern, also adjusted for adherence to the Prudent and Mediterranean
dietary patterns. For the Prudent and Mediterranean dietary patterns, also adjusted for adherence to the Western
dietary pattern. c HR of colorectal cancer stratified by centre and age in 5-year periods adjusted for lifetime
alcohol intake, smoking habit, energy intake, BMI, physical activity, education, sex, and family history of colorectal
cancer. For the Western dietary pattern, also adjusted for adherence to the Prudent and Mediterranean dietary
patterns. For the Prudent and Mediterranean dietary patterns, also adjusted for adherence to the Western dietary
pattern. d HR of colorectal cancer stratified by centre and age in 5-year periods adjusted for lifetime alcohol intake,
smoking habit, energy intake, BMI, physical activity, education, sex, and family history of colorectal cancer and
including an interaction with time (1–10; >10 years). For the Western dietary pattern, also adjusted for adherence
to the Prudent and Mediterranean dietary patterns. For the Prudent and Mediterranean dietary patterns, also
adjusted for adherence to the Western dietary pattern.

When stratifying by sex (Figure 3 and Table 3), we observed that the detrimental
effects of high adherence to the Western dietary pattern were only observed among females
(HRQ4vs.Q1 (95% CI): 1.55 (1.01–2.38)) and for adherence as low as the second quartile,
especially when restricting the analyses to the first 10 years follow-up (HRQ2vs.Q1 (95% CI):
1.98 (1.16–3.36); HRQ3vs.Q1 (95% CI): 1.78 (0.99–3.20); HRQ4vs.Q1 (95% CI): 2.16 (1.16–4.02),
p for interaction with sex = 0.005). This similarity in the associations found for all quartiles
might explain the curvature observed in the association between the Western diet and CRC
in this subgroup (p-value for the curvature of splines = 0.063). In contrast, the protective
effect of the Mediterranean diet was specifically observed among males and presented a
strong negative trend with a fairly linear shape (p-value for the curvature of splines = 0.657)
and particularly when excluding the last follow-up years (HR1SD-increase (95% CI): 0.80
(0.65–0.98); p for interaction with sex = 0.006).

Finally, an exploration of the associations by tumour location (Table 4) showed that
the positive trend found in the association of the Western dietary pattern with CRC
was observed specifically for rectal tumours ((HRQ4vs.Q1 (95% CI): 2.41 (1.10–5.30) and
HR1SD-increase (95% CI): 1.38 (1.03–1.84)) for the first 10 years of follow-up. Similarly, the
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protective effect of the Mediterranean dietary pattern was only observed for distal colon
cancer during the whole period (HR1SD-increase (95% CI): 0.86 (0.73–1.02)) and for the first
10 years of follow-up (HR1SD-increase (95% CI): 0.81 (0.63–1.03)). Nonlinear associations
were not reported in this case, because the sample size was too small to obtain precise
estimations, but the shape of the splines pointed in the same direction (Supplementary
Materials Figure S3).
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Figure 2. Nonlinear association between colorectal cancer incidence and adherence scores to the
Western, Prudent, and Mediterranean dietary patterns for the follow-up period 1–10 years. Full
sample. HR of colorectal cancer stratified by centre and age in 5-year periods and adjusted by sex,
lifetime alcohol intake, smoking habit, energy intake, BMI, physical activity, education, and family
history of colorectal cancer. For Western dietary pattern, also adjusted by the adherence to the Prudent
and Mediterranean dietary patterns. For Prudent and Mediterranean dietary patterns, also adjusted
by the adherence to the Western dietary pattern.

Table 3. Hazard ratios for the association between colorectal cancer incidence and adherence scores
to the Western, Prudent, and Mediterranean dietary patterns by sex for the full period and for the
follow-up period 1–10 years.

Full Follow-Up (>1 year) 1–10 Years Follow-Up

Male
n = 15,096

Female
n = 25,096

Male
n = 15,096

Female
n = 25,096

Person/
Years

Number
of

Events

HR
a,b

(95%CI) Person/
Years

Number
of

Events

HR
a,b

(95%CI) p-
int

(Sex)

Person/
Years

Number
of

Events

HR
a,c

(95%CI) Person/
Years

Number
of

Events

HR
a,c

(95%CI) p-
int

(Sex)LL UL LL UL LL UL LL UL

238,874 324 411,291 227 130,848 109 220,888 102

WESTERN

Quartiles 0.177 0.005

Q1 35,894 56 1 125,658 61 1 19,721 21 1 67,763 24 1

Q2 55,480 72 0.94 0.66 1.35 107,877 73 1.59 1.12 2.26 30,332 22 0.80 0.43 1.46 57,780 34 1.98 1.16 3.36

Q3 67,137 100 1.13 0.79 1.61 96,012 51 1.39 0.94 2.07 36,833 29 0.94 0.53 1.68 51,615 24 1.78 0.99 3.20

Q4 80,364 96 1.05 0.73 1.53 81,744 42 1.55 1.01 2.38 43,961 37 1.27 0.72 2.24 43,730 20 2.16 1.16 4.02

p-trend 0.571 0.068 0.262 0.021

1SD-increase 1.01 0.88 1.15 1.12 0.97 1.30 0.227 1.15 0.92 1.43 1.31 1.06 1.61 0.001

PRUDENT

Quartiles 0.666 0.080

Q1 53,559 84 1 104,084 74 1 30,208 32 1.00 56,917 35 1

Q2 65,259 84 0.86 0.63 1.17 96,967 48 0.72 0.50 1.04 35,879 21 0.58 0.34 1.01 52,191 19 0.61 0.35 1.07

Q3 60,548 76 0.86 0.63 1.18 104,074 52 0.73 0.51 1.05 32,837 25 0.78 0.46 1.32 55,638 24 0.70 0.41 1.19

Q4 59,508 80 0.99 0.71 1.37 106,166 53 0.73 0.50 1.07 31,924 31 1.03 0.62 1.73 56,142 24 0.68 0.39 1.18
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Table 3. Cont.

Full Follow-Up (>1 year) 1–10 Years Follow-Up

Male
n = 15,096

Female
n = 25,096

Male
n = 15,096

Female
n = 25,096

Person/
Years

Number
of

Events

HR
a,b

(95%CI) Person/
Years

Number
of

Events

HR
a,b

(95%CI) p-
int

(Sex)

Person/
Years

Number
of

Events

HR
a,c

(95%CI) Person/
Years

Number
of

Events

HR
a,c

(95%CI) p-
int

(Sex)LL UL LL UL LL UL LL UL

p-trend 0.922 0.108 0.711 0.200

1SD-increase 0.97 0.86 1.10 0.89 0.78 1.03 0.328 1.01 0.82 1.24 0.88 0.72 1.07 0.007

MEDITERRANEAN

Quartiles 0.505 0.013

Q1 33,594 53 1 126,087 87 1 18,897 24 1 68,398 35 1

Q2 49,202 72 0.93 0.65 1.33 115,017 53 0.72 0.51 1.02 27,113 23 0.68 0.38 1.21 61,858 28 0.96 0.58 1.59

Q3 64,411 76 0.77 0.54 1.11 99,697 53 0.88 0.62 1.25 35,111 23 0.55 0.31 0.98 53,296 22 0.95 0.55 1.63

Q4 91,667 123 0.90 0.63 1.28 70,491 34 0.83 0.54 1.27 49,727 39 0.70 0.41 1.19 37,336 17 1.13 0.62 2.08

p-trend 0.486 0.404 0.230 0.811

1SD-increase 0.91 0.80 1.03 0.91 0.79 1.05 0.952 0.80 0.65 0.98 0.99 0.80 1.22 0.006

a Proportional hazards assumption was fulfilled in all cases b HR of colorectal cancer stratified by centre and age in
5-year periods adjusted for lifetime alcohol intake, smoking habit, energy intake, BMI, physical activity, education,
family history of colorectal cancer, and including and interaction with sex. For Western dietary pattern, also
adjusted by the adherence to the Prudent and Mediterranean dietary patterns. For Prudent and Mediterranean
dietary patterns, also adjusted by the adherence to the Western dietary pattern. c HR of colorectal cancer stratified
by centre and age in 5-year periods adjusted by lifetime alcohol intake, smoking habit, energy intake, BMI, physical
activity, education, family history of colorectal cancer and including a three-way interaction with sex and time
(1–10; >10 years). For Western dietary pattern, also adjusted by the adherence to the Prudent and Mediterranean
dietary patterns. For Prudent and Mediterranean dietary patterns, also adjusted by the adherence to the Western
dietary pattern.
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Figure 3. Nonlinear association between colorectal cancer incidence and adherence scores to the
Western, Prudent, and Mediterranean dietary patterns for the follow-up period 1–10 years. By
sex. HR of colorectal cancer among males and females and stratified by centre and age in 5-year
periods and adjusted by lifetime alcohol intake, smoking habit, energy intake, BMI, physical activity,
education, and family history of colorectal cancer. For Western dietary pattern, also adjusted by
the adherence to the Prudent and Mediterranean dietary patterns. For Prudent and Mediterranean
dietary patterns, also adjusted by the adherence to the Western dietary pattern.
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Table 4. Adjusted hazard ratios for the association between colorectal cancer incidence and adherence scores to the Western, Prudent, and Mediterranean dietary
patterns by tumour location for the full period and for the follow-up period 1–10 years.

Full Follow-Up (>1 year) a 1–10 Years Follow-Up a

Proximal Distal Rectum Proximal Distal Rectum
n = 39,784 n = 39,839 n = 39,821 n = 39,784 n = 39,839 n = 39,821

Person/
Years

Number
of

Events

HR
b,c

(95%CI) Person/
Years

Number
of

Events

HR
b,c

(95%CI) Person/
Years

Number
of

Events

HR
b,c

(95%CI) Person/
Years

Number
of

Events

HR
b,d

(95%CI) Person/
Years

Number
of

Events

HR
b,d

(95%CI) Person/
Years

Number
of

Events

HR
b,d

(95%CI)

LL UL LL UL LL UL LL UL LL UL LL UL

646,116 143 646,676 198 646,429 180 348,663 53 349,070 73 348,905 69

WESTERN

Quartiles

Q1 160,768 36 1 160,807 41 1 160,771 37 1 86,874 16 1 86,902 16 1 86,892 12 1

Q2 162,315 35 0.99 0.60 1.62 162,455 53 1.25 0.81 1.93 162,449 48 1.31 0.83 2.07 87,329 12 0.77 0.36 1.67 87,432 22 1.57 0.81 3.05 87,407 18 1.61 0.76 3.41

Q3 161,907 35 1.01 0.59 1.74 162,205 60 1.39 0.88 2.20 162,062 48 1.29 0.79 2.12 87,532 14 1.02 0.47 2.22 87,749 19 1.44 0.70 2.93 87,641 16 1.46 0.66 3.25

Q4 161,126 37 1.17 0.65 2.08 161,208 44 1.03 0.61 1.73 161,148 47 1.40 0.82 2.39 86,928 11 1.00 0.42 2.35 86,988 16 1.46 0.68 3.15 86,966 23 2.41 1.10 5.30

p-trend 0.595 0.897 0.277 0.858 0.439 0.046

1SD-increase 1.02 0.82 1.28 1.03 0.86 1.24 1.05 0.86 1.28 1.02 0.74 1.40 1.17 0.9 1.53 1.38 1.03 1.84

PRUDENT

Quartiles

Q1 156,521 39 1 156,643 56 1 156,627 53 1 86,242 14 1 86,364 27 1 86,330 21 1

Q2 161,139 35 0.85 0.53 1.35 161,339 47 0.79 0.53 1.17 161,241 41 0.74 0.49 1.12 87,296 13 0.87 0.40 1.87 87,407 11 0.42 0.21 0.85 87,349 13 0.6 0.30 1.21

Q3 163,685 32 0.77 0.47 1.26 163,843 48 0.82 0.55 1.23 163,754 44 0.87 0.57 1.33 87,748 11 0.68 0.30 1.55 87,881 16 0.63 0.33 1.19 87,823 19 0.97 0.51 1.84

Q4 164,771 37 0.88 0.52 1.48 164,851 47 0.82 0.53 1.28 164,807 42 0.91 0.58 1.45 87,376 15 0.84 0.38 1.86 87,418 19 0.78 0.41 1.49 87,404 16 0.86 0.42 1.73

p-trend 0.562 0.429 0.821 0.583 0.529 0.943

1SD-increase 1.02 0.84 1.24 0.89 0.75 1.05 0.98 0.82 1.17 1.01 0.75 1.36 0.89 0.69 1.15 0.98 0.75 1.27

MEDITERRANEAN

Quartiles

Q1 158,715 34 1 158,892 54 1 158,742 40 1 86,544 15 1 86,674 22 1 86,563 15 1

Q2 163,388 38 1.03 0.64 1.66 163,387 43 0.72 0.48 1.08 163,343 39 0.91 0.58 1.42 88,331 11 0.69 0.32 1.53 88,338 20 0.93 0.50 1.72 88,308 18 1.16 0.58 2.33

Q3 163,069 30 0.79 0.47 1.33 163,273 51 0.78 0.52 1.18 163,253 45 1.00 0.63 1.57 87,627 9 0.56 0.24 1.31 87,795 20 0.96 0.51 1.81 87,762 14 0.88 0.41 1.88

Q4 160,944 41 0.99 0.58 1.72 161,124 50 0.66 0.41 1.04 161,090 56 1.13 0.69 1.84 86,161 18 1.15 0.53 2.48 86,264 11 0.51 0.23 1.13 86,273 22 1.31 0.63 2.74

p-trend 0.744 0.121 0.543 0.805 0.157 0.62

1SD-increase 0.99 0.81 1.22 0.86 0.73 1.02 0.96 0.80 1.15 1.05 0.76 1.44 0.81 0.63 1.03 0.98 0.75 1.29

a The number of tumours with overlapping lesions of colon or those with non-specified locations was 30 in the full follow-up (>1 year) period and 16 in the 1–10 years follow-up period.
These cases were excluded from the analyses for the tumour location. b A proportional hazards assumption was fulfilled in all cases c HR of colorectal cancer by location stratified by
centre, sex, and age in 5-year periods adjusted by lifetime alcohol intake, smoking habit, energy intake, BMI, physical activity, education, sex, and family history of colorectal cancer. For
Western dietary pattern, also adjusted by the adherence to the Prudent and Mediterranean dietary patterns. For Prudent and Mediterranean dietary patterns, also adjusted by the
adherence to the Western dietary pattern. d HR of colorectal cancer by location stratified by centre, sex, and age in 5-year periods adjusted by lifetime alcohol intake, smoking habit,
energy intake, BMI, physical activity, education, sex, and family history of colorectal cancer and including an interaction with time (1–10; >10 years). For Western dietary pattern,
also adjusted by the adherence to the Prudent and Mediterranean dietary patterns. For Prudent and Mediterranean dietary patterns, also adjusted by the adherence to the Western
dietary pattern.
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No clear associations were found between adherence to the Prudent dietary pattern
and CRC risk.

4. Discussion

Our results indicate that, while there is no clear effect of the Prudent dietary pattern
on CRC risk, moderate to high adherence to the Western dietary pattern might increase the
CRC risk, especially among females and mainly for rectal cancer. In addition, a potential
protective effect of a high adherence to the Mediterranean dietary pattern was observed,
especially for males and against distal colon cancer. Most of the associations gained
consistency and strength when restricting the analyses to the first 10 years of follow-up.

Regarding the validation of the above results, our main findings are mostly in agree-
ment with those of the MCC-Spain study, which showed a strong detrimental effect of the
Western dietary pattern and a protective effect of the Mediterranean dietary pattern on CRC
risk [26]. However, while no sex differences were found in the MCC-Spain study, in our
study, the detrimental effect of the Western dietary pattern was only observed among fe-
males, whereas the beneficial effect of the Mediterranean dietary pattern was only observed
among males. Furthermore, similar to the current results, a stronger detrimental effect of
the Western dietary pattern on distal colon and rectal cancer was found in the MCC-Spain
study, although, in the present study, the greater effect on distal colon cancer did not reach
significance. The protective effect of the Mediterranean dietary pattern was observed for all
sites in MCC-Spain, whereas, in our data, this effect was only found for distal colon cancer.
Finally, high adherence to the Prudent dietary pattern was not associated with CRC risk in
either study.

The results of other studies exploring the association between “a posteriori” di-
etary patterns and CRC risk support the associations found in the present study. The
identification of a Western-type dietary pattern is common [6–22,24,25], and most of the
studies exploring its association with total CRC [7,10–15,17–22,24,25] found a detrimen-
tal effect [10,11,13–15,17,19–22,25]. The identification of a Mediterranean-type [6–11,13–
15,17,18,20–23,25] and, less frequently, of a Prudent-type [10,12,13,16,19,21,23,24] diet is
also recurrent. While the association of the Prudent pattern with total CRC is controver-
sial, with some studies finding a significant protective [10,13,19,21,24] effect and others
not [12,16,23], the protective effect of the Mediterranean diet seems to be more consis-
tent [13–15,17,18,20–22,25]. Considering the composition of the Western-type dietary pat-
tern (high intake of high-fat dairy products, processed meat, refined grains, sweets, caloric
drinks, convenience food and sauces, and low intakes of low-fat dairy products and whole
grains), some biological mechanisms support the associations found. On one hand, the
intake of fat, red, and processed meats; refined grains; and sweets has been associated
with higher levels of inflammatory markers [40] and with inflammation-related chronic
diseases [41]. In addition, red meat products are rich in heme iron, which is associated with
the generation of free radicals that attack DNA and damage tissues [42,43]. Furthermore,
processing or cooking meat at high temperatures can generate carcinogenic substances
such as N-Nitroso and polycyclic aromatic hydrocarbons [43,44]. On the other hand, fruits,
vegetables, and legumes present in the Mediterranean pattern are rich in antioxidants
that may reduce cancer risk by quenching free radicals and reducing oxidative damage to
DNA [45]. Additionally, the higher fibre intake among those with a high adherence to this
pattern might translate into a healthier gastrointestinal tract, as it helps to dilute the faecal
content, decreases the transit time, and increases stool weight [46]. Some studies suggest
that olive oil, the main source of fat in the Mediterranean dietary pattern in Spain [37], may
induce apoptosis and downregulate the expression of cyclooxygenase2 and Bcl-2 proteins
with a crucial role in colorectal carcinogenesis [47]. Finally, the microbiome composition,
strongly influenced by dietary habits [48], might also play an important role in colorectal
carcinogenesis [49]. A recent review suggests that a diet rich in plants and fibre and low in
meat and fat might contribute to a healthier microbiome [50].
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Among the studies that found an association of the Western dietary pattern with total
CRC, some also explored sex differences [13–15,21,22], and the association was frequently
observed only in females [14,15,21] or was stronger among females than males [13]. The
only study [22] that found no differences performed analyses on two different samples of
women (Nurses Health study) and men (Health Professionals Follow-up Study) [22]. The
study by de Stefani et al. [14] found two different patterns labelled as Western (fried red
meat, barbecue, and eggs) and Traditional (grains, all tubers, desserts, and dairy foods) that
characterised the diet of the Uruguayan population. Both were associated with an increased
CRC risk but the first one only among males and the second one only among females.
These differences in the profiles of men and women highly adherent to the Western dietary
pattern could be behind the stronger effect of this pattern in women. In our sample, females
reported higher intakes of dairy products, sweets, and sweetened beverages and juices and
lower intakes of red and processed meat than males. The literature exploring the effect of
the Mediterranean dietary pattern on CRC in males and females separately [13–15,21,22]
does not report concordant results, with some studies reporting similar associations for both
sexes [15,21], others finding a stronger association among males [13,22], and others among
females [14]. We found a stronger effect among males, which could also be explained by
differences in the dietary compositions. In our sample, males had higher intakes of fruits
and vegetables, fish, and legumes than women. In addition, the longer (for participants
highly adherent to the Western dietary pattern) or shorter (for participants highly adherent
to the Mediterranean dietary pattern) time that the faecal contents are in contact with
the gut mucosa might also be related to CRC risk (the shorter the time, the lower the
potential for faecal mutagens to interact with the colon mucosa) [51]. The prevalence of
functional constipation is approximately two times higher in women than in men [52],
which could be related to the greater effect of the Western pattern on CRC risk in women
(accentuation of constipation) and the bigger effect of the Mediterranean pattern among
males (increased laxative effect). Other biological mechanisms have been suggested to
justify the differential effects of diet in men and women [53], but more research is needed
to shed light on this issue.

The stronger effect of the Western dietary pattern on rectal cancer is also supported
by previous research. Most studies that have explored differences by tumour location [9,
10,13,14,16,18,19,21,22] have found an effect only for rectal cancer [18] or a stronger effect
for rectal than for colon cancer [13,14,16,19,21,22]. Similarly, studies that included the
distinction between proximal and distal colon [6,9,10,13,19,21,22] found an effect only for
distal cancers [9,10,19,22] or a stronger effect for distal than for proximal cancers [6,21].
This pattern, although not significant, was also observed in our data. As for the distinct
effect of the Mediterranean dietary pattern by tumour location, the previous results were
mixed, with some studies finding similar associations for all locations [26], others stronger
associations for the proximal colon [6], and yet others stronger associations for the distal
colon or rectal cancer [13,21,22]. Although there seems to be no clear explanation for the
heterogeneous effects of diet on the different tumour subtypes [54], several hypotheses
have been proposed. Again, the higher effect of the dietary patterns on distal colon and/or
rectal tumours might be related to the time that the faecal content is in contact with
the gut mucosa in these localisations compared to the proximal colon. In addition, the
proximal and distal colons present molecular differences that could translate into different
carcinogenic pathways in these two locations [55]. The greater effects of the Western
and Mediterranean dietary patterns found in distal tumours of the colon and/or rectum
might be related to the less mature phenotype and lower immune activity of dendritic
cells involved in immunologic surveillance at these locations, making them more sensitive
to dietary exposures [56]. Additionally, concentrations of the pro-mutagenic lesion O6-
methyldeoxyguanosine, a marker of exposure to many NOCs, present in red and processed
meat and other processed foods, have been shown to be significantly higher in the distal
colon and rectum than in proximal colon tissues [57].
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Since alcohol is an established risk factor for breast cancer [3], the authors of the
EpiGEICAM study did not include it among the food groups to develop the dietary
patterns but introduced it as a confounder in the multivariate models. In addition, the
WCRF/AICR report [3] considers the evidence of the detrimental effect of alcohol intake
on CRC convincing. Therefore, this decision stands valid in the present study. Yet, since
moderate alcohol intake has been typically associated with the Mediterranean diet, it could
be argued that this difference might affect the comparison of the results between studies.
However, most of the previous studies cited excluded alcohol from the PCA analysis
and/or included it as a confounder in the regression models [8–13,17–23,25,26]. Those
that included alcohol in the PCA analysis found it to be correlated with the Western-type
diet [6,16,24] or identified a single alcohol pattern [7,14,15].

Among the main limitations of our study was the lack of information on dietary
changes during follow-up. The greater consistency and strength of the associations ob-
served when restricting the analyses to the first 10 years of follow-up may indicate that
the representativeness of the information collected at the baseline decreased with time,
leading to some dilution of the observed associations. However, although less significant,
the association of the Western diet with CRC was also considerable for the whole period. In
addition, the dietary patterns used were drawn from a dataset of women collected between
2006 and 2011, which can limit their application to the current sample of men and women
collected between 1992 and 1996. However, previous research showed that “a posteriori”
dietary patterns can be applied to samples different from those from which they were
drawn and still be valid [28], even if the patterns are not fully representative of the diet
of the population studied. In addition, research that has extracted dietary patterns sepa-
rately for men and women showed similar results in both groups [10,13,15,58]. Creating
exactly the same food groups in the current and the original study was not possible due to
differences in the information collected. However, arbitrary decisions in the distribution
of foods were avoided by using the MAPAMA data on food consumption in Spain from
1998 [37] and the nutritional information collected in the MCC-Spain study [26]. Finally,
the labelling of the patterns was done subjectively by the authors, which could result in
two patterns labelled with the same name but representing different dietary habits. To
avoid this limitation, we focussed on pattern compositions instead of labelling to compare
our results to previous ones.

The main strength of this study was the considerable size of the EPIC-Spain cohort,
which allowed a sufficient number of cases to detect suggestive associations for the overall
CRC risk and heterogeneous effects by sex and cancer subtype. Moreover, the longitu-
dinal design of the study prevented reverse causation and avoided a differential recall
bias. Furthermore, the dietary patterns not only reflected interactions between foods and
nutrients but also represented a great tool for use in nutrition policy, precisely because of
the importance of the total diet in health [5]. Finally, only seven cohorts have explored the
association between “a posteriori” dietary patterns and CRC risk [8–10,12,13,18,24], most of
them from Westernised countries with less dietary variability than Mediterranean countries
like Spain and, therefore, with a lower capacity to identify associations. The presence of
mixed results in the literature clearly signals the need for further studies on the topic to
clarify the previous variability in some of the effects found.

5. Conclusions

In conclusion, the adoption of dietary habits consistent with the Mediterranean diet,
such as a high intake of whole fruits (not juice), vegetables, legumes, whole grains, nuts,
vegetable oils, or fish and reduced intake of high-fat dairy products, red and processed
meats, refined grains, sweets, caloric drinks, convenience foods, and sauces could decrease
the risk of CRC, especially for distal colon and rectal tumours. These results provide new
evidence for the role of diet in colorectal cancer risk based on a large prospective cohort
from a Mediterranean country.
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